Abstract: We present a novel bandwidth enhancement technique for a transimpedance amplifier (TIA). The proposed TIA utilizes a common source topology and adopts the current mirror configuration using flipped voltage follower to increase the open-loop gain for the enhanced bandwidth with positive feedback. Circuit simulation results show that the proposed TIA makes it possible to increase the open-loop gain and enlarge the bandwidth by 40% compared with the conventional TIA.
Introduction
Data traffic on the Internet has increased explosively due to the spread of personal computers and smartphones. Optical-fiber communication is a most promising system for handling this increasing amount of information. In such a system, an optical receiver is an important part, and the front-end transimpedance amplifier (TIA) is a critical element affecting the performance of the whole system. Therefore, to achieve high-data-rate communication, it is essential for the TIA to have a wider bandwidth. Increasing the open-loop gain of the TIA would make it possible to reduce the input impedance and widen the bandwidth.
In this paper, we propose a novel bandwidth enhancement technique using a current mirror configuration with FVF. The proposed technique can boost the bandwidth of a TIA by using a mirror current of the input current from a photodiode. We designed the proposed TIA with FVF using 0.18-µm CMOS technology. Simulation results show it has a 40% wider bandwidth in comparison with the conventional TIA. This proposed technique makes broadband operation possible without increasing the supply voltage.
Conventional TIA circuit
There are several TIA circuit topologies such as common-source (CS) [1, 2, 3, 4] , common-drain (CD) [5] and common-gate (CG) [6, 7] . Among these, the TIA based on CS (CS-TIA) has been widely used due to its low noise characteristic. Fig. 1 shows the conventional CS-TIA circuit. It comprises a first CS stage, second CD stage, and feedback resistor R f . In the CS-TIA, the bandwidth f À3dB and openloop gain A v are expressed by the following equations,
where C in is an input capacitance including photodiode junction C pd and M 1 gate capacitance C g , g m1 is a transconductance of M 1 , R is a load resistance, and C is a parasitic capacitance attributed to R and M 1 . From these equations, increasing the load resistance R makes it possible to enlarge the open-loop gain A v and widen the bandwidth. However, in this circuit, increasing R generates a large voltage drop and causes the voltage headroom to deteriorate. To overcome this problem, we propose a novel bandwidth enhancement technique using the FVF.
3 Proposed TIA using FVF
The proposed TIA circuit configuration is depicted in Fig. 2 . It employs a commonsource amplifier with a FVF to increase the open-loop gain.
The FVF and transistor M 3 comprise the current mirror configuration, which generates the mirror current Ni in of the input current signal i in . Owing to this current, a new voltage-signal gain is generated through the load resistance R. FVF also works as a voltage follower, and is frequently used as an output buffer [8] . As a result, the open-loop gain can be boosted without increasing the supply voltage. Here, the mirror current flow is determined by the gate width ratio W M3 : W M4 ¼ N : 1 of transistors M 3 and M 4 . Fig. 3 shows a block diagram of the proposed TIA. The transfer function can be expressed as Eq. (3).
The open-loop gain A v and the pole s a from Eq. (3) are given by in Eq. (4) and Eq. (5). 
Simulation results
To evaluate the performance of the proposed technique, the TIA circuit with FVF was simulated using 0.18-µm CMOS technology. Fig. 4 shows a practical proposed circuit for simulations. The proposed TIA is based on the CS cascode amplifier [9] with current injection I 1 [10] . Furthermore, the current source I 2 cancels the DC bias current of the output side of the current mirror, and the bias setting stage operates M 2 in a saturation region. ratio of 100% owing to wide bandwidth. On the other hand, the conventional TIA with narrow bandwidth has the eye-opening ratio of 84%. In the proposed circuit, a slight overshoot occurred due to the feedback loop and worsened the jitter from 2.5 ps to 10.5 ps. Although the jitter is degrades, the good eye-opening is more effective to improve the sensitivity.
Furthermore, we calculated the stability factor K, and obtained good stability (K > 1) at any frequency as shown in Fig. 7 . That is, the circuit operated without stability problems even though a positive feedback was applied. The proposed circuit dissipated 8.75 mW with a supply voltage of 1.8 V. This is comparable to that of the conventional circuit, and this means the proposed circuit technique makes it possible to enhance the bandwidth without a large increase in power consumption. On the other hand, due to enlarging the bandwidth and adding a transistor to the CS stage, the noise characteristic was degraded. Table I summarizes the performance of the proposed TIA and compares it with the conventional TIA. 
Conclusion
We proposed a novel bandwidth enhancement technique using a current mirror configuration with FVF. It enables us to increase the open-loop gain and widen the bandwidth of the TIA. Simulation results confirmed that the frequency bandwidth of the transimpedance gain improved. The results show that the proposed TIA achieved a wide frequency bandwidth of 1.4 GHz, which is 40% wider than that of the conventional TIA.
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